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QualIM®: a software for training in the reading of digital
medical images*
QualIM®: software para treinamento na interpretação de imagens médicas digitais
Silvio Ricardo Pires1, Regina Bitelli Medeiros2, Simone Elias3
OBJECTIVE: A software called QualIM® – Qualificação de Imagens Médicas was developed for training of
practitioners in the interpretation of digital mammograms classified according to BI-RADS® categories, utilizing
images manipulation tools on state-of-the-art displays. MATERIALS AND METHODS: A Delphi 7-based system
stores data resulting from mammographic findings interpretation during the training, comparing them with a
golden-standard data set. The database includes computed radiography, direct radiography and digitized
images. The software converts computed radiography and direct radiography images into TIFF format,
preserving their original spatial and contrast resolution. During the training, the images are manipulated with
the aid of the software tools (zoom, inversion, digital rulers and others). Depending on the image complexity,
up to eight mammographic views, six ultrasonography images and two anatomopathological images can be
displayed. RESULTS: The training was initiated in 2007 and is currently included in the radiology residency
program. Based on data entered by the practitioner, the software automatically generates a BI-RADS compliant
text that is compared with a database. CONCLUSION: The QualIM software is a digital educational tool aimed
at assisting practitioners in the recognition of visual patterns on mammographic images as well as in the
interpretation of mammograms based on the BI-RADS classification.
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OBJETIVO: Foi desenvolvido um software denominado QualIM® – Qualificação de Imagens Médicas para
treinamento de profissionais na interpretação de exames digitais de mamografias utilizando ferramentas de
manipulação de imagens, em monitores específicos, classificadas em BI-RADS®. MATERIAIS E MÉTODOS:
O sistema, desenvolvido em Delphi 7, armazena as respostas da interpretação de imagens mamográficas
durante o treinamento e compara aos dados inseridos denominados “padrão-ouro”. O sistema contém ima-
gens de computed radiography, direct radiography e digitalizadas. O software converte as imagens do com-
puted radiography e direct radiography para o formato TIFF, mantendo as resoluções espacial e de contraste
originais. Profissionais em treinamento manipulam o realce da imagem utilizando ferramentas de software
(zoom, inversão, réguas digitais, outras). Dependendo da complexidade, são apresentadas até oito incidên-
cias mamográficas, seis imagens de ultra-som e duas de anatomopatológico. RESULTADOS: O treinamento
iniciou em 2007 e atualmente faz parte do programa de residência em radiologia. O software compõe o texto,
de forma automática, das informações inseridas pelo profissional, baseado nas categorias BI-RADS, e com-
para com a base de dados. CONCLUSÃO: O software QualIM é uma ferramenta digital de ensino que auxilia
profissionais no reconhecimento de padrões visuais de uma imagem mamográfica, bem como na interpreta-
ção de exames mamográficos, utilizando a classificação BI-RADS.
Unitermos: Treinamento; Mamografia digital; Monitores.
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Drug Administration (FDA) recommenda-
tions on the need of a minimum eight-hour
training on interpretation of digital images
for specialists(1).
A key tool utilized for understanding the
digital image properties is the histogram of
the image itself, as this tool clarifies the
physical properties of enhancement for the
identification of simulated structures. The
histogram of an image shows the distribu-
tion of gray levels on the image. The higher
the number of levels in the gray-scale, the
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INTRODUCTION
Digital mammography can already be
considered as a reality. However, images
interpretation with the aid of software tools
presents itself as a paradigm, requiring
from practitioners a certain level of knowl-
edge about digital image properties. It is
possible that this fact explains the Food and
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greater is the possibility of manipulating
the image contrast in a soft way, enhanc-
ing the structures of interest with higher
accuracy.
By utilizing preprocessing tools one can
change the contrast and brightness of an
image, and, in such a manner manipulating
the information of the image matrix that
forms the histogram. The contrast resolu-
tion has direct influence on the image qual-
ity. Considering that the physical dimen-
sions of a mammographic image are fixed,
and that a digital image is formed pixel by
pixel, one can therefore say that spatial
resolution also has a direct influence on the
quality of a mammography. The larger the
image matrix, the smallest is the size of the
pixel. Consequently, it is possible to iden-
tify smaller objects with higher accuracy
and without any marked distortion(2).
One way to assess practitioners perfor-
mance in relation to the response of detect-
ability of structures visualized on a digital
image is the application of kappa statistics,
which allows the determination of the
agreement between findings and the actual
position of such structures, through simu-
lated images. The kappa values can be de-
termined by equation 1.
where: Fii corresponds to the argument
numbers by category; Ri and Ci correspond
to the sum of the lines and columns of the
categories; N corresponds to the sum of all
categories.
Individual preferences or subjectivity in
the images interpretation seem to affect the
specificity and sensitivity for detection of
lesions; however the utilization of specific
tools for image manipulation may contrib-
ute to make these factors less significant in
the process of breast cancer diagnosis(1,3).
Quality assurance in the different
phases of imaging diagnosis process con-
stitute a real concern for official agencies
and specialists that currently face the chal-
lenge of utilizing digital technologies
aimed at the interpretation of mammo-
graphic images.
Detectability will be reliant to a signifi-
cant degree on the adoption of appropriate
quality assurance programs, i.e., the appli-
cation of processes and procedures in the
area of imaging diagnosis providing train-
ing and capacitation for the practitioners
involved.
The introduction of digital mammogra-
phy in the clinical practice requires specific
training for mastering such resources, al-
lowing the specialist to make the most from
the recognized advantages of digital sys-
tems(1). Perhaps the digital systems will
minimize the individual preferences and
subjectivity in image interpretation and will
play a role in the specificity and sensitiv-
ity for detection of lesions(4).
According to FDA recommendations,
the interpretation of mammographic im-
ages should be performed on a 14 bits/pixel
display, with 5.0 megapixels. However,
there are lower-cost displays currently in
use that do not meet these specifica-
tions(1,5). How can the display parameters
affect breast lesions detectability? This is
a matter that is yet to be clarified, and has
motivated studies proposing comparisons
of practitioners performances in the detec-
tion of signs on digital images while using
different visualization devices(6).
The practitioner’s experience is one of
the factors affecting the diagnostic accu-
racy. Clinical training in this type of imag-
ing modality is essential for early detection
of malignant tumors and reduction of false-
positive results(7).
The present study is aimed at applying
a specific tool for training practitioners (ra-
diologists, mastologists, residents in radi-
ology, among others) in the interpretation
of digital mammographic images allowing
the recognition of an appropriate standard
for diagnosis of images according to BI-
RADS® categories.
MATERIALS AND METHODS
A Delphi 7-based software called
QualIM® – Qualificação de Imagens Médi-
cas (Qualification of Medical Images) has
been developed to manage a MS-SQL
Server 2000 database. The main role of the
software is the storage of reports reflecting
BI-RADS categories, resulting from train-
ing in the interpretation of mammographic
images. The software has been designed for
the maintenance of information stored in a
database only accessible by means of an
administrative password. Figure 1 shows
the access interface for the training in digi-
tal images interpretation.
The software has been developed for
training in workstations equipped with dis-
plays specific for mammography, with up
Figure 1. Training interface in the interpretation of mammographic images.
Equation 1 Determination of kappa values.
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to 5.0-megapixel resolution and 14 bits/
pixel in a gray-scale, namely Barco model
MFGD5421 and Clinton model DL-3000.
The database system is compatible with
computed radiography (CR), direct radiog-
raphy (DR) or conventional radiography
(films) images digitalized with a Lumiscan
75 laser scanner (Lumisys, Inc.; Sunnyvale,
USA) in TIFF format with 12 bits/pixel. All
the DICOM digital images collected in
DVD, without data compression, and with
spatial resolution above 5.6 Mp (> 2,560
× 2,048 pixels matrix).
The database currently comprises 436
cases classified into BI-RADS categories,
and the distribution is demonstrated on
Figure 2.
The software has a tool that converts
DICOM CR and DR images into TIFF im-
ages, with the possibility of preserving the
original spatial and contrast resolutions.
The images originate from different units
and were submitted to double interpreta-
tion by experienced specialists in mam-
mography. Input of copies of these images
and respective reports is made by an expe-
rienced specialist in digital systems, who
performs the third interpretation of the
images, generating a database referred to as
a “golden standard”.
The access to the radiological images is
achieved by means of a specific menu, the
QualIM software being adapted for the
exhibition of mammographic images with
up to eight projections, the main ones be-
ing craniocaudal, medial-lateral (left and
right) and supplementary images. Depend-
ing on the case complexity, up to six sono-
graphic images and two anatomopatholo-
gical results can be visualized.
The first phase is based on the training
in images manipulation employing a soft-
ware with simulated breast images, where
the practitioner learns, by means of the his-
togram manipulation, the main visual im-
age patterns for enhancement of suspicious
structures. In this phase the tools that guide
the practitioner in the manipulation of the
histogram by means of contrast and bright-
ness controls, are introduced. The software
provides numerical data for aiding in the
decision making for an effective enhance-
ment of the structure. The training tool in-
cludes resources such as image rotation
(clockwise and counter clockwise), image
Figure 2. Distribution of cases fed into the database for training.
Figure 3. Representation of images analysis during training.
mirroring, zoom, and a ruler for measuring
nodules or other structures of interest.
The next phase consists of the training
in images interpretation according to BI-
RADS categories. In this phase, a tool that
automatically manipulates the histogram
enhancement is introduced allowing the
user to make fine adjustments based on the
previously acquired concepts. The practi-
tioner performs the interpretation of the
image utilizing all the concepts included in
the fourth edition of BI-RADS published
by the American College of Radiology. The
practitioner responses agreement, as well
as the time spent in the images interpreta-
tion are recorded. The reports data are
stored in a specific interface, capable of a
99% coverage of all the BI-RADS con-
cepts. A specific resource has been built
into the software by which, for every access
of the practitioner to the training system,
new cases amongst the BI-RADS catego-
ries are presented, exposing the practitio-
ner to a diversity of cases with different
degrees of complexity.
Figure 3 shows an example of the train-
ing interface. At left, a right medial-lateral
view demonstrating an enhanced structure
of interest and with the digital ruler over the
magnified area. At right, a left medial-lat-
eral view without any enhancement ma-
nipulation of the image.
Figure 4 shows the description of a re-
port stored in the database considered as
the golden-standard for evaluation of mam-
mographic images. A feature has been
implemented to automatically show the
report based on the data entered by the
practitioner during the images interpreta-
tion according to BI-RADS categories.
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The database developed in the present
study comprises clinical cases in all BI-
RADS categories, originated from conven-
tional mammography units (with digi-
talized images) and digital units (CR and
DR images) from different centers, which
increases the recognition of visual patterns
for the training of practitioners.
DISCUSSION
The QualIM database presents the ad-
vantage of comprising clinical cases clas-
sified into all BI-RADS categories, origi-
nated from both conventional and digital
mammography units installed in different
centers. This allows the practitioner to be
trained for the recognition of visual pat-
terns on CR, DR and digitalized images.
The dynamics in the data storage exposes
the practitioner to a diversity of cases in
different levels of complexity, supple-
mented by other imaging modalities such
as ultrasonography and anatomopatho-
logical studies. The advantage of the
QualIM software is that it allows the im-
portation and conversion of DICOM im-
ages generated by the different systems
(CR – Agfa, Kodak and Fuji, and DR –
Lorad, Siemens, General Electric) into
TIFF files, preserving both the images’
spatial and contrast resolutions(8).
The selection of cases according to their
complexity allowed by the software adjusts
the level of the training to the level of pro-
fessional experience. Some current training
softwares(1,8,9) that rely exclusively on
phantom images, which generates a certain
degree of discouragement in the practitio-
ners as the training progresses. The differ-
ential in this training model consists in the
evaluation of clinical cases classified into
BI-RADS categories, enhancing the stan-
dardization of the language adopted for the
images interpretation(10–12). Additionally it
can be made with or without tutoring, and
the progress in training is based on indi-
vidual performance.
The interpretation of images on work-
stations displays has been comprehensively
studied(3,13) with the objective of evaluating
the practitioner’ performances in the inter-
pretation of images as compared with the
conventional system (printed films)(13).
Studies have concluded that the interpreta-
Figure 4. Interface for evaluation of mammographic images.
Once the evaluation is completed, the prac-
titioner can investigate any information of
interest.
Six specialists were trained. The train-
ing started in 2007 and currently it is a part
of the program of residency in radiology.
RESULTS
The overall results from both the simu-
lated mammographic image manipulation
and analysis of mammographic images
classified according to BI-RADS catego-
ries demonstrate that the practitioners im-
proved both in detectability of structures as
well as in the time required for detection.
Figure 5 presents their performance in the
detection of signs on digital systems. The
graph demonstrates mean kappa values and
mean time spent in the interpretation of
simulated breast images. The initial kappa
value was 0.64, with mean interpretation
time of 4 minutes and 50 seconds, and the
final result was 0.72 for kappa, with mean
interpretation time of 4 minutes. The ver-
tical axis at left represents the kappa val-
ues evolution for kappa, and the vertical
axis at right represents the time in minutes.
Figure 5. Progress of the specialist in the evaluation of the digital image.
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tion of images on video monitors is well
accepted, the specialist’s adaptation is
rapid, and no significant difference has
been found in the accuracy and speed of
interpretation between the conventional
method (printed film) and soft-copy dis-
play, provided the practitioner is appropri-
ately trained(14,15).
The training was developed in compli-
ance with the minimum FDA(5) require-
ments regarding workstation monitors spa-
tial and contrast resolution, besides lumi-
nance and appropriate environment(1,5).
CONCLUSION
The QualIM software is an effective
tool for education in digital systems, as it
assists the practitioner in the recognition of
the correct visual patterns of mammo-
graphic images by means of image histo-
gram manipulation, allowing the training in
the interpretation of mammographic im-
ages according to the BI-RADS classifica-
tion with greater efficiency in the detection
of findings, in less time.
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